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LETTER OF TRANSMITTAL

House o# RepdesENTATIVES,
- CoMMITTEE ON SCIENCE AND TECHNoOLOGY,
N ~ Washington, DC, July 20, 1984.

To ANl Members, Committee on Science and Technology : .

I am transmitting herewith a summary and analysis prepared by
the Comumnittee staff in cooperation with the Congressional Research
Service. The summary and analysis reviews the hearing on “Improv-
ing the Research Infrastructure at U.S. Universities and Colleges” .
held by the Committee on Science and Technology in May, 1984, This

" document was prepared by Michael E. Davey, Andlyst in Science and .

Technology of the Congressional Research Service’s Science Policy
Resoarch%ivision. and Karen E. Wieckert, Fellow with the Subcom-
mittee on Science, Research and Technology. s

The purpose of the Committee haaring was to familiarize members
with the ctirrent state of the research enterprise at our universities and
colleges. Clearly, the health and vitality of academic research are
crucial to our overall strength’in science and technology.

The hearing examined many aspects of academic ‘research infra-
structure, including; research facilities and equipment, recruitment of
faculty and graduate students, and government-university-industry
reki:.t.ionships. .

: his apalysis is an excellent distillation of the essence of the Com-
mittee’s hearing and includts a summary of each witness’ testimony.
1 commend it to your atte#.ion. L
Sincerely, e .
. . Dox Fuqua,
. ‘ ; O hairman.
(1)
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. , LETTER OF SUBMITTAL

. ¢ ,— ‘
, CoNGREsSIONAL RESEARCH SERVICE, s
? . - Tne Lmrary or \CONGRESS, -
- . oy Washington, D.C., August 3, 195}..
Hon. Dox ‘Fuqua, _
- Chairman, Committce on Scierice and Technology,
\ House of Representatives, Washington, D.C, - .
Dear M, Criateman: I am plensed to submit this report éntitled,
. “Summary and Analvsis of Hearings on Improving the Resenreh In-
frastructurd at .S, Univergities and Colleges” preparad at the request
of the Committee on Science and Technology.
The report summarizes a hearing held on the currdnt state of re-
search facilities at U.S, universities. The hearing also fogused on what
_role the Federal Government, universities and business\ can play in
restoring the university rescarch infrastructure, The first section of
the report analyzes the hearing by the various issues that were raised
by the witnesses, The second section of the report contains a summary
of each witness’ testimony. .

\

... The,report was prepared
and Technology, Science Policy Research Division. Production sup- -
port was provided by Christine Anderson and Kaseem C. Hall, under
the supervision' of Shirley S. Willinms,-

We hope that this report will serve the needs of your committee and
appreciate the opportunity to perform this challenging assignment.
; . . N

Sincerely, a G
1LBERT (GUDE,
y Director,
1 )

by Michael E. Davey, Analyst in Science ___*
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IMPROVING THE RESEARCH INFRASTRUCTURE AT
UNITED STATES UNIVERSITIES AND COLLEGES

. - 13
- . I. Summary or HeariNG BY Issup

On May 8, 1984, the House Committee on Science and Technology .
held a hearing on the current state of research facilities at U.S. uni-
versities. The Conunittee also examined what role the Federal (Govern--
ment, universities and business can play in restorinhg the university
research infrastructure, The hearing was held in response to various
studies which have examiiied some of the past and current problems
confronting the overall U.S., university research infrastructure. For
example,,one such study, conducted by the Association of American
Universities concluded ‘that, “the equipment being used in the top-

. ranked universities has a median age twice that of the instrumentation
available to leading industrial research laboratories.” * ?

A, Research Favilities® ’

The testimony of the various witnesses described the critical prob-
len facimg universities in the area of research facilities. Many of the
.. Witnesses. testified that science and engineering buildings require in-
¢reasingly complex design because of the type of research equipment
they house. Dr. John Silber, President of Boston University, indi-
cated that: g . o :

Scientific and engineering equipment 18, for one thing, often very heavy. The
buildings that house it must have floors capable of bearing immense weight,
Moreover, such equipment usually requires a carefully controlled environment :

-controlled in its temperature, its alr carefully filtered.*

The incpeasing cost of scientific and engineering education means
that colléges and universities are confronted with needs for large capi-
tal éxpenditures just as they are faced with declining enrollments.
Regarding this dilemma, Dr. Silber mude the following observation :

A private business faced with the need to upgrade its physical facilities has at

+ least the posasibility of financing construction by borrowing against future profits,

But colleges and universities do not make profits; when financially successful,

all they do {s avold deficits, . . . It has been estimated that colléges and univer-

sitles cun finance out of thelr own resources no more than half the investment

in technological, infrastructure needed if we are to be able (to) edtheate the
scientists and engineers our country must have.

Dr. Frank Rhodes, President of Cornell University, began his testi-
mony by summarizing the findings of a National Science Foundation
(NSF) survey o search facilities. He stated that :

YThe Scleptific Instruimen{ation Needg of Research Universities, a repart to the Nationaul
Science Foihdation by the Maghcintion f American TUnlversitiex, June 1980, p. 1.

8 Resenrc) facliitles are the britks and mortar (It conld include mobile or remote spaces
auch as shyps, alrplanes, aquaculture facilities and monitoring stations) which house and
uui)?i)rt adqudemic research and research instrumentation.

ue tojweather difficuities Dr. Rllber was not able to attend the hearing and tentl(r’y in
tpl;mamn. %l of his‘comments are takep from Dr, Silber's prepared statement submitted for

e record, .

4 All quotes are from testimony glven b’{ witnesses at the Hearing on *“Impr ,ving the
Research Infrastructure at U.K, Universities and Colleges™, held by the Committee on
Belencéand Technology, U.8, House of Kepresentatives, May 8, 1984,

)
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A prelividnary NSI survey of 25 unlversitien, just relensed, conservatively es-
timatell thnt research universi*lex and colieges require $1.3 billlon per yeonr to
meet_aeenmuinted Fosearch faeilitios neods: In FY-1954 the total Fedoral invest- !
ment in R & D plant in nniversities amd colleges §s projected to be $40 miliion,
awd essentinlly all of these fuinds are targeted ou speclal purpose user or national
facllities. 5

President Rhodes believes there is now no general reinvestment. ef-
fort by NRI or any other mission agency aimed at modernizing the
infrostrueture of our major universities, He ronelnded his testimony
with the following staterent : *This is\l must emphasize, the most
seriots long-range problem facing our refearch universities.”

Dr, Charles Hess, Dean, College of Agriculture and Environmental
Science, University of qglifornia at Davis, agreed with Dr. Rhodes: |

Spuee is also g eritical Hmitlng factor In the research infrastructure at many
universities, both In terins of quantity amd quality, An Inventory conducted by
the URDA In ADTS showed that there was n shortage of 1,110 scientist spaces,

equivalent to 135 percent of the selentifie population In Stute Agricultural Experis
nent Ntuations,

Dean TTess continued by speaking of the reluctance to fund the con-
struction g_)f@@pﬂl'«h facilities:

Therg hus hitn a great refuctance by Federal and State governinent, the private
seetor and, foundations to become Involved4n the bhusiness of bricks and mortar,
Stute approprlations often have been targeted to alterations or modlficntions to
meet government regututions for flre, oceupational, and selsmic safety and for

uecess for the handienpped. State funding for new facllities s driven more by
student numbers thau research needs, °

-

Chancellor Dr, Charles E, Young, from the University of California -

at Los Angeles, noted that when resources are searce, schools defer the
renovation bf facilities thinking that a delay of one or two years will
not hurt. But, the delays have gone on for years, Consequently, “Inade-
quate facilities gnd outdated equipment are a direct threat, across the
country, to the gquality of instenetional and research programs.”

Dr. Young provided examples of the enormons sums needed for the

updating and construction of facilities thrgughout the University of
Culifornia system: . C r

We undertook a earbful and realistie review of our need. for facilitles fyunding
over the next decnde, What we lenrned 1s that we have an enormots prohlem,

The nniversity will.need more than $4 billion for facilifies renovation and con-
struetion in the next deende.

Thls bireaks down into several major components :

—-$1.6 billlon will Be needed for construction or major renovation of basic
academie faeilities honsing instruetional and reseaprch programs, libraries,
publle service programs, hospitals aid elinles, and admintstration,

~-3000 milllon will be needed to keep existing facilities funetioning safely and
efficiently, lucluding ecorrections for selsniie safoty. About $300 million will .
be needed for self-supportiug enterprises aiich ax sthdent and faculty housing
and student netivities, . '

-=Aud, In addition,. we neetl nearly 21 bhillion of additional operating budget
funds to briug the.level of routine, building maintenance up to standard and
to elimlnate o large buckiog of deferred maintefiance projects.

Dr. Rhodes testified that Cornell’s facility riceds will also be ex-
pensive: ) '

In areas where we have great selentifie Fompetence, we have identified more
than 8100 million in facilitles needs, These grens inelude botechnology, plant gnd
molecular biology, microblology, animul reproductive blology, veterlnary medi-
cine, astronofiiead aml wtmogpherle sclencey, electrieal engineering, material

b

Aruitoxt provided by Eic:
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» However, he believes future success will require a key partners lil}: A

. ments in engineering and computer sefence courses have hierenzed sharply since

- ' . * 3 L, -__‘\_' L)

. * T ‘i'.- . -
selences, oompm('*r siniulation and theoretical compytations, social and economic
selendes; computer sciences, and munufacturing technology,

Chancellor Young testitied that-although enrollment increases are no
longer foreing the need for new facilities, there are other reasons why
nepds are so acute: .

First, obviously, existing buildings deteriornte. Periodically, they need paint, '
light fixtures, floor coverings. roofs, and other replacements, A second kind of
facilities need occurs becnuse the university's academfe progrnms must change

“ over time in order to keep pace with the latest advances in each diseipiine. . . . Yo

For example, rapid technological development in the biotogical selences has re- toe
quired uot only new kinds of equipment but also new kinds of huilding systems.
surolhnent shifts nmong disciplines are a third factor in faclilities needs. Kuroll-

1075, At the University of Californin, hi:torieal shortages of space generate a
fourth need. A fifth need, und that is to v pdate facilitiex continnally in order to
meet chunging code requirements?and standards for health and safety, including
m-isu_nic safety, - ’

Dr. Young also estimated the national cost for facilitics needs:

Because California has about 10 percent of the country’s population and re-
colves about 10 percent of Federal research grants, we could conservatively .
estimate the national need at 10 thmes $4 biliion--or $40 billjon, The obvious
question s, where will that money come from? .
Dr. George Keyworth. Science Advisor to the President, noted that
the-allocation for eapital equipment has to be part of the grant process,
Dr, Kof'wortlx warned that in allocating large capital commitments for @
research facilities: = - ..
. » . we have frequently tailed to recognize that n realistic assessment of the
operating funds is essential to utilizing that faeility. ;
_We have. for example, built gignntic accelerajors in this conntry for sumg of
hundreds of mlllions of dollars, and then found ourselves uxing them at 30 per-
cont of the time that is avallable because of operating constraints. .
Dr, Keyworth concluded his remarks by noting he believes that the.
states have been more innovative when funding capital dovolo&nnont.

-

Interesting enoughqgome of the States have been extremely innovative, in
fact, I wduld even go‘!s(\ far as to sny somewhat more innovative than we in the
Federal Government. I think that there is perhaps an important lesson there but,
aguin, 1 think the States ciearly will be part of the Government-industry-
academia partnership, and I think we should look towards this as a menns of
bringing the individual regions of our country closer to the allocation process.

B. Rescarch Equipment Needs ' ’

The witnesses testified that many of ourfleading research universities
are suflering from a lack of modern gesearch equipment. They indi-
cated that universities are often unable to provide their faculty or '
students with modern equipment needed to carry out state-of-the-art

L

* edueation and research programs,

These problems were noted by Dr. Charles Young, from the Unit -
versity of California at Los Angeles!

The shortage of modern equipment has caused academic departments to re-
design courses around less effective and outdated equipment, to elininate ex-
periments and exercises from laboratory sessfons, or to reduce the Jength of
latioratory sessions in order to meet student demand. In fields sueh ag biochemis.
try and electrical enginesring, many students have to watch demoustrations

-

* instend of getting hand«-on experience wlth_ the equipment.

’ " ¢!
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* " Dr, You'n% pointed out that many ipstrumentation shortages are in

areas critical to our economic future: .

In short, in fields which are most important to the natlon's future economle
well being, students are being denied the opportunity to understand ‘the most
recent developments in their fleld and the quality of academic programs is being
underpmined, °* . . .

Dr. Charles Hess, University of California at Davis, summarized
son&e of the tindings of the 1980 Association of American Universities
study: : - T ' '

. . . tapital expenditutes for instrumentation doubled in the five-year period from

.

1975 to 1970, Even with the increased expenditure, the median age of instru-

mentation at universities was twice that of Industrial laboratories, -

" Dean Hess pointed out'to the Committee just how costly it is to
éstablish one biotechnology research position :

To recruit and adequately accommodate one scientist in this area of research
costy an average of $125,000 for equipment alone. This figure does not include the
cost of renovation of laboratories, which ranges from $30,000 to $60,000.

Dr. Rhodes, from Cornelly also emphasized this point:

New faculty members need laboratories with new'capabilities and new, often
different, kinds of equlpment. Typically, we us# find between $108,000 and
$300,000 to equlp a laboratory for a new facuity member, We don't always sue-
ceed. When you realize that we may appoint 20 or more young scientlsts a year
You can understand why. '

Dean Hess testified about a ‘recent 'Departxlient of Defense study :-

DOD estimates that $1.5 to $2.0'billion would be required’to elevate qualified
academic laboratoties to “world class” status in instrumentation, In response to

" the first year of a ifive-yens $150 million program, DOD recelved 2,478 proposals

totaling $645 million. Two hundred and foyr awards wére made with each aver:
aging $148,000, ‘Thgt represents an award rate 6f eight percent and & funding level
four percent of the amount requested, .

President Rhodes, of Cornell, provided further evidence of research
equipment needg from a recently released NSF survey of research in-
strumentation /systems In computer and physical sciences and

@ae fourth of the 1982 research equipment inventory in these fields, which had
an aggregate purchase price of $904 million, {s ohsolete and no longer in research
use. .

Only 16 percent of all academic research equipment inventoried ls state-of-
the'ﬂl'to = * )

More than 90 percent of departmental chairpersons surveyed reported that the
lack of equipment inhibited the:conduct of eritical research,

31 percent of all instrument systems in use in 1982 were more than ten years old.

Contrary to the expectations of some, university researchers ‘do share equip-
ment at significaut levels. Each instrument system in service in 1952 was used by
& median of seven researchers. The medlan number using each e of computer
sciences equipment was 25 researchers. ¢

46 percent of the chalrpersons rated the quality of support services (e.g.. ma-
chine shop, electronics shop, ete.) as “insufficient” (40 percent) or “non-existent"
(6 percent). * .

NSF Is the leading Federal sponsor of- refearch equipment purchases in the

physical and computer sciences, providing about 62 percent of Federal support in -

these two fields, N . :
DOD iw the primary Federal funding agency in engineering, accounting for 45
percent of the federally financed engineering research equipment,
onfederal sources play an important role, In 1982, 78 percent of computer
seipnees instrument systems, 64 percent of engineering systems and 52 percent
of physieal selences instrument systems were not fellerally funded in their en-
tirety: Universities’ own fundssaccounted for at least 70 percent of the non-
Federal funds used for equipment in each of these three fields. -

'Y
.
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. Industry funds accounted for 10 percent of non-Federal research equipment
purchases, : ‘

Dr. George l{oy\\'oi°tll. Science Advisor to the President, indicated

“that deficiencjes, such as those pointed ont by the NS survey, présent

specitic problems to both teachers and students: .
~ These deflclencies mreotly affect the ability of the university sclentist to con-

_“duct front-1ine resenrch. they haniper the abillty of students to léarn the newest

technologies, and they make it more difficult for universities to compete with in-

dustry for faculty’in areas that-are strongly dependent on the use of modern re- -

search equipment, ' i

- Dr, Keyworth testified that instrumentation problems have many.
causes, The rate of technologieal progress, for example, quicklyeenders

scientific instrumentation obsolete. He stated: °

For that reason we have to recognize its not only an peute problém today. but
as a continuing problem from now on, For that reason there can be no such thing

‘ as a one-shot solutinn, The Federal Government, which has been the-primary

source of university instrumentation for the past forty years, clearly has a
respousibility, . . Vo

And, Dr., Ko’vwm'th indicated that the Administration has lived up
to its rébponsibility in this drea:

In fiseal year 1984 and 1985 we expect a total of more than $800 million in
Federal fumlr:\ to be applied to high-priority instrumentation needs in univer-
sitien, There Hnve been some specific instrumentation programs established in
Federal agencies, and those are particttlarly useful in providing major insgru-

mentation thatl\\\'lll be available to a large number of users, ‘

Although Dr. Rhodes, Cornell University, praised the Administra-
tion’s funding efforts, he pointed out that nniversities cannot acquire
a major new piecce of equipment through these types of fumdling
programs: N .

You scant, for"exmnple. get a major new piece of insirumentation costing,
let's say, $1.5 miltlon. on a small resenrch project of $300.000, The National
Setence Foundation and other agencies won't generally accept that need. and it's

* the larger scale instrumentation where we face major problems, instrumentation

shared by dozens of sclentists and engineers, :

Dr. Rhodes coneluded hig remarks by indicating that this presents
S\wbial problems because, “The fields in which: we are engnged are

changing so rapidly that equipment has a mo1é and more limited
useful life.” . .
6 Recruiting \Young Fdculty .

Some of the, witnesses testified that ontdated facilities and research

" equipment have made it extremely diffienlt to reernit new faculty, This

recruiting Yl'oblom has developed becauge young scientists believe that
the'vesearch envirqument in thesprivate sector iy more attractive than

.1n the universities. ‘e

Dr. Keyworth, the Science Advisor to the President, reinforced.this
when discugsing the shortage of engineer ing faculty: .
This shortage {8 primarily ennséd by two counterdniling trends: the imfyroving

attractions of pursuing research careers it indusiry —-and the (loc;lniug qunlity
of lite even In many lending universities, - .

Dr. Keyworth continued by deseribing what the Rengan Adminis-
tration has done to help universities with their l‘(‘('l‘llitﬁ‘_(‘mn't.ﬂ:

We took direct steps last year to address this problem with o Presidential
Young Investigator Awuards Program, That program, which was strongly en-

y
’ .
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dorsed by this committee when it was litroduedd last year, hag now heerf recelved
with tremendous, enthusiasm by hoth academis and industry. As the : umbers
of young faculty In this, program grows to ltatarget level of 1000, we oxpect to
be able to correct and head off some ‘of the most serfous faeulty shortages in
critical sclentific and engineering fields. , . L ) .
Dr. Rhodes, President pf Cornell Uhivoréity, commended the Presi- .. *

. dential Young Investigator. initiative, but believesmore mnst be dong :

.. the support of young faculty vught-net 4e be the sold res';mniilfll'lt)‘ of the .
National Science Foundation, We urge the Conunittee to exercise its lendership
, loencourage the appropriate conimittees of the }lmlse to ndd small initiatives for . .
\ this purpose to“th’e resenreh programs of DOE, NASA, UNDA, DOD and NI -
. . O. . .

. __Another concern relaféd te faculty needs was ruized by Dr. Charles
Hess from the University of California at Davis. Dr. Hess testified - g ..
that the lack of qualified laboratory technicians also hurts the rescarch’ . . 5

“infrastructure: v . R T '
Techrlclans are‘an invaluahlle asset in a faculty member's lailmtntMy Yor the

operation and maintenance of equipment, and to continue experitents for faculty
when they must be in class or meeting their other university responsibilities,

D. Graduate Students .. =~ > L L .
Similar fo the problem of attricting younger faculty is the univer-
sities inability to attract adequate numbers of graduate students,
. Declining Federal support for- graduate education.and jnereased
s opportunities for engineering students *with B.S. degrées have con- .
vinced many students to seek employment and pos{pone their graduate
~ school plans. g A
Dean Hess, from the University of California at Davis, ad(lx;o§so(l

- .

+ thisiproblem in his testimony : :
This Is particularly true In engineering, ‘but it is alsn the case In the basie

. sclences, Including plamt blology. In the case of enginecring, opportunities in

. industry for B.8, graduates are great enough that many bright, young people

are choosing to go directly into industry rather than pursue gradunte study or
careers in the university. ¢ .

_In his testimony, Dr. Frank Rhodes, President of Cornell Univer-
sity, detailed-the decline of federally funded fellowships which have
-~ been an important determining factor in the caréers of numerous
researchers who have contributed to greut scientific advancements:
But* now we face a serlous shortage of gradnate students in certaln fields, For
.15 years, Federal support for graduate education has been substantially reduded.
The number of federnlly funded gradnate fellowships in the physical selences and
" engineering has declined from 51,000 in 1968 to about 1500 today. In the face of
x sharply ‘icreasing international competition, critical national necds served by
greduate education are going unmet., - '
; Dr. Rhodes eontended that the Administration has targeted very
narrow areas for inereased support in graduate,education, *Theé pres-

C e

ent Administration proposes small, highly targeted increases in uni-
versity research and development, most notably in the areas perceived
to be of closest significarice to the national defense.”
Dr. Rhodes concludes his statement by noting \hat somie hopeful
\ signs have been scen in agericies such ag NSF. “Moreover, after almost
8 decade of neglect, additional step: towstrengthen the NSF graduaté
fellowship programs are proposed.” . :

E. University-Industry Relations

A final issue discussed by some of the witnesses was what role the
. private sector can play to improve the university research infrastruc-
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. ture. Although the witnesses agreed that industrial support for re-
viving their research m}mbilitios would not be significant, industry’s
participation is crucial for its overall success, .

Dr. Frank Rhodes, President of Cornell, pointed out in his
, testimony : —-

Q ..
o, The magnitude of industrial support 18 now ahout 8 percent of total university
| research expenditures; few expefts see It ever rising to more than 8-10 per-
e cent. ... . Btili, the magnitude of recent developments constitutes significant
change, In every year since 1970, industry funding of university-busel research,
in constant dollars, has increased. Total funding doubled between 1970 and 1983 ;
it increased by 11 pgment in 195081 alone,

Dr. John R. Silber, President™of Boston Upiversity, supported Dr.

R e . . S e e e
Rhodes’ position in his testimony'to the Committee:

It is obvious that the Federal Government should not be asked to solve the”
crisis in infrastructure by itself. ... The State Governments, whose economies
will alsobenefit. must also help. And private industry, which benefits ax directly
as-any member of the partnership, must contribute. At Boston University, we
bave been fortunate in receiving millions of dollars for our Sciehce Center from

such corporations as Digltal Equipment, IBM, Data General, and\the John Han-
. ‘cock Mutual Insurance Company.

Dr. George Keyworth, Science Advisor to the Preside
that the private sector has an impoytant role to play in stre
the university infrastructure: ) ) -

As you know, Federal programs, State and local government efforts, and §
trial fmitiatives, both separately and in growing partnérship, have gone a long wa
over the past few years in strengthening those areas of university research and
training with the greatest potentlal for contributing to our needs.

. ‘Dr. Keyworth believes that newly created programs, by this Admin-
istration, will stimulate further cooperation. An example of this is:"

stimulate interdisciplinary research and training. These ‘cénters will also provide
o means for greater industrial participation in improving the university environ-
ment, because the center programs are expected to have extensive collaboration
between jndustry and academia. ,

. . F. Proposed Recommendations By Witnesses

Following their review of the infrastructure problem, several of the
witnesses made various recommendations that both ¥ederal and State
governments could employ to address these problems. Their recom-
mendations included such 1deas as: greater unitersity, government and
- private_cooperation; establishing new Federal and State funding -

mechanisms; and reviving past programs, such as NSK's Graduate
© Neience Facilities Progran.
Dr. Charles Hess, Dean, College of Agriculture and Environmental
Sciences, University of California at Davis, referred to the NSF pro-
gram in his testimony;

Another approach to meet the needs for both eqyipment and research space
Is to reinstitute the Graduate Science Facllities Program in NSF. From 1960
to 1972, the National Science Foundation conducted institutional programs to
strengthen research and education in U.8. college and universities, In contrast
with other NSF programs, which are generally geared toward individual re-
search, there were institutional programs targeted to improve the quality of
academic science on f seale at least as broad as a depnrthent.

Although Dr. Hess supports NSF's and DOD’s current efforts to
improve university instrumentation needs, he belicves their efforts

aro focused on the individual investigator, rather than developing
laboratories: . .o

.13

+ + « NSKF's new program to establish university engineering research centers to N
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The DOD program is designed to fund large items of equipment ($50,000 or
more) used by a number of scientists and NSE grants to individual investigators
are not lntende\l to establish laboratories. :

Dr. Charlg's Young, Chancellor, University of Culifornia at Los
Angeles, testified that at his school they had reached some important
conclusions regarding funding for university infrastructure:

We believe that the nation’s universities must do .hree things: one, use exist-
ing resources as effectively a8 possible; two, develop new sources of funds; and
three, reconsider ‘traditional assumptions about responsibilities for capital de-
velopment, :

Dr. Young, also.indicated that Federal and State support for
capital projects must be renewed, if the universities are to succeed in
meeting this challenge. He ueted : ) .

Between 1978 and 1881, non-governmental funds provided an average of 77

ohercent of the university's capital expenditures, State funds just 22 percent,
and Federal contributions 1 percent. 1f funding continues at the level of the

‘ -"'...Dast five years, less than 20 percent of the necessary funding will be forthcoming.

Dr. John Silbey, President, Boston University, supported the rec-
ommendation for greater Federal support:

The Federal Government should regard the nation’s technological infrastruc-
ture with the same attention it has pald our transportation infrastructure. The
laboratories and classrooms needed for education and research in science and
g?ﬁneeﬂng are a national need at least as important as our highways and

ges, *

Dr. George Keyworth, Science Advisor to the President, indicated
that he believes it is time for the Federal Government to take a fresh
look at methods for improving relations between mission agencies and
the universities, Consequently, Dr, Keyworth has asked the White -
House *Science Council to undertake a study which would examine
the following problems: . 4

~~the Federal Government's role in ensuring a productive research environ-
| mint. including the nagging problem of indirect costs .. .;
he effects on research productivity of the uncertainties and red tape in-
volved in funding;
—the problem of university physical facilities and {nstrumentation;
—the problem of increased unlversltﬁlluteractlon with industry . . . how to
maximize benefits . . . (and) minimize risks of compromising the research
environment. ‘ )

\

Chancellor Young also suggested some. mechanisms that Federal
and State governments could employ to address these national
priorities:

For example, fa¢ilities grants could be tied to research funding . . . To ad-
dress this problem. fupds for facilities could be granted in connection with the
funding of research progratis—maybe tied to specific kinds of regearch projects
in science and high technology. As another approach (mentioned by Dr. 8ilber)
universities could be included in programs to renew the nation's (overall) in-
frastructure . . . Other possibilities include various partnerships with the states
in ways that leverage state funds—perhaps through matching grants, Ta". in-
centives which encourage business and industry contributions would be an-
other useful approach.

Dr. Silber, Boston Vniversity, pointed out that the Federal qu;
ernment should not hsitate to provide support for hoth the “public
and “private” universities: ' _

* We speak of “public” and "private” colleges and universities, and it i8 some-
times asked why the faxpayer should subsidize private institutions. But the
fact is that the colleges and universities of the independent sector are no more

private than those of the state sector. They are open tp the publie. educate the
members of the public, and conduct resear~h in the public interest.

14
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II. Svaraary oF Hrarine sy WiTNEess

\ , N
This 'seetion presents a summary of the testimony of each witness
U . M [ v
who appeared befoge the committee. In all eases the following abstiact
is a gtaff propuroé summary of the verbal and written testimony
pre=ented, . :
, The first, witness to testify was George A, Keyworth, Science "Ad-
visor to the President, and Director, Office of Seience and Technglogy

Palicy, Exceutive Office of the President, Dr, Kevworth began his

testimony by stating that our Nution's universities are one of the most

precioug resources this country has, e continued by noting:

Mr. CRirman, there éan be 1o disagreement that the publie interest requires a y
heglthy and stimulating atmosphere for both research and education in our uni-
verdlties and colleges. This is a responsibility that ents neross all of soclety,

» because all of society benefity from Bealthy universities. _

- Dr. keyworth testitied that the Administration policies have helped

st rm(gthen the universities’ capabilities in the arcas of research and

training. He indicated that today universities are conducting more

basic research than any other institutions in oyr society :

And as I pointed out several morths ago to this committee-—with the I’resi-
dentis F'Y 1985 hudget request we're looking at a reel increase, heyond mere
inflation, of more than 25 perceut over the past four years In Federal support for
basle rexenreh in universities und colleges, : * .

) Dr. Keyworth further téstified that, until the Mansfield Amend- -
ment,* DOD was one of the stronger and most imaginative supportersa,
of university research. According to Pr. Keyworth, many of the
Nation’s best research universities—MIT, Caltech, and others—owe -

. their strong research capabilities to DOI)’s earlier programs. Since the

Mansfield restrictions no langer exist, Keyworth hopes DOD can play

a more significant role in basic university research, he also recognized

that leading civilian mission agencies withdrew their support for

university-based R & D in the 1970s: :
With the exception of the National Science Foundatio1 and the Natlonal In-
stitutes of Health, during the 1970s the major R & D agenctes—DOD, DOE,

NASA—-diverted research funding away from uuiversities to their own labora-
toriewor to industry. ¢

=

. 8 Mansfleld Ameudment : After World War 11, the DOD, primarily tlx'"iounh the office of

Naval Research. supported large amounts of basi¢ resenrch. Even after the establishiment
of the National Belence Foundation, the OD continued to funu busie rererch. Conme:”
quently, in 10689, Congress mssed the “Mansfleld Amendment®, to the fiscgd year 1970
military procurement nuthorization (P.L. 91-121, rection 203)., which pro \l)hlted DOD,
from supporting research not having *“a direct and apparent-relatlonshlp tv a specific
militapy function or operation.*’
The following year Congress passed the “modified Mangfield Amendment’ to fincal year
1071 military procurement autliorization (P.L. $1-441), which prohibited funds aythorized
by that “or any other Act" from being used to conduet R&D unlesg the Secretary of De-
';“:"u'},“'t‘."“‘“"” the existence “of a potential relntionship to a military function or
opetrn n,
The primary result of the Mansfield Amendinent has been to temper the relationship
¢ between DOD and the Natlon's colleges and uglversitles. For example, (n 1982-83 DOD
funded onlg about 8 percent of basle research and about © Ppercent of applied research
perfornied by colleges and unive*sities,

()
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_ Dr. Keyworfh continued by noting that the deterioration of researeh
instruwentation has been the subjeet of vavions studies. He then
vointed out some of the findingx of a preliminary NSF survey on
Instrumentation: ’
In a recent NSF survey, officials of 43 universities and colloges clhssified 25

pervent of thelr research cquipment ax obsolete. In fuct of all geademie roseareh

ml“}nlpmont_ in use In 1982, only 16 percent was characterized as being “state of
the art.” .

Aecording te the Seience Advisor, thé deterioration of university

" resenreh facilities was due to severnl factors, not the least which is the

pace of techmologieal change. Sugeh change quickly renders seientific
instrumentition obsolete. Further,Wr. Keyworth emphasized that the
“pace of technologieal change will remain an aente problem, which
means a oneshot solution will not be adequate, Dr, Keyvworth stated
that it is very difficult to get a good iden of just what the Iaboratory
néeds of'the universities are. An ad hoe interngeney steering committee
was formed by NSF in November of 1983 to conduct a study of the
university research facilities needs. This study will be completed in
February of 1985,
* Dr. Keyworth poifited out that the White Tlouse Science Couneil is
also engnged in a sfady to determine whether thare could be a more
productive relationship bet ween mission agencics and universitios, The
White House study will look at several areas, including, “the Federal
Government's role in ensuring a productive researeh environment , i~
inclunding the ndgging problem of indirect costs.”

Dr, Keyworth noted thatthe continued inerense in niiiversity indi-
rect costs for condiieting resenrch is one of the most frustrating issues
for the Science Couneil, Other areas the Couneil will focus its study on
include: * !

The effects on research productivity of the uncertainties and
red tape involved in funding; :
The problem of university facilities and instruméntation:

Ways to encourage foreign gradnate students to stay in this

- country once they have eompleted their studies: - .
* Ways to increase interactions bet ween universities and industry.,
According to Dr. Keyworth, the outcomes of this study will play.an
important role in deterining the gpproaches we might propose tQ
take in solving our infrastructure problems.
Charles E. Young, Chancellor of the Los Angeles eampus of the Uni-
versity of California, began his presentation by stating that eduea-
tional facilities are in Wespair. “Inadequate facilities and outdated

equipment are n direet threats across the cofintry, to the quality of in-

struetiral reseaveh programs.” .
Dr. Yonng illustrated the problem by stating that the University of
California system will need a total of more than $4 hillion in the next

deeade for construction and renovation, to keep existing facilitios'func- .

tioning safely for student and faculty housing, student avtiviti,‘s and
for majntenance projects, o ] !
In giving the redgons for renewal funding, Chancellor Y outjg out-

)

lined five kinds of needs that have developed ] v

First, existing buildings require routine mgdntenance, pgint, new: rw{fﬂ. light
fixtures, ote. | . !
Second, academle programs must change to keep pace with advanchs In the

o Qisciplines; ) . | K

/ )
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Third, enrollment shifte among disciplines;
Fourth, historical shor.ages of space within the university ;
* Fifth, updating of facilities to meet state requirements for health and safety,

Dr. Young pointed out that many of the same reasons also g[g»ly to
instrumentation renewal needs for instruction and research, Due to
outdated eqqil))m'ent, courses have been redesigneg, experiments elimi-
nated, and lub sessions shortened. He also indicated that needed re-
gearch cannot take place:: :

In short, in flelds which are mdst important to the natien’s future economic
well being, students are being denied the opportunity to ‘mderstand the most
- recent developments {n their tield and the quality of academic progMms Is belng

' “undermined.

\D . Young continued by saying that funds are also needed for com-
puteks in all disciplines and that the demand is great for cdmputer
nistruction and use,

Chancellor Young pointed out the important role universities play
in the high technology industry and thus the.economy of the Upited
States':

’ We pravide the research which leads to technological advances and we train
the workforce of engineers, computer selentlsts, and blologlsts. Improving fund-
lug for facitities and instrumentation is needed to strengthen the capability of
universities to contribute to the nation's long-term economie capability. - :

. __Based on the funding needs of the University of California, Dr.
Young estimates that the Nation-will need $40 Killion to rebuild its
university facilities. To meét thig need, hé recommended that univer-
sities use’existing resources effectively, develop new funding sources,
and “‘reconsider traditional assumptions about responsibilities for

+capital development.” Chancellor Young called for nontraditional -
approaches, mixed funding resources, and long-term commitments
from states, business, industry, private donors, universities and stu-
dents, and the Federal Government. :

Dr. Young testified that prior to 1964, Federal funds were directed
 to research activities, From 1964-1980, Federal funds accommodated
expanding enrollments and the need for health care profesSionals,
Since 1977, however, few Federal or State furtds were available for
capital projects:

Between 1978 and 1981, non-governmental funds provided an average of 77 per-
cent of the university’s capital expenditures, State funds just 22 percent, and
Federal contributions 1 percent.

Finally, Dr. Youn%‘gutlined several possible approaches for greater
Federal fufiding for higher education’s facilities and instrumentation
needs. These approaches included tying facilities grants to research
funding or creating a special facilities program through NSF. Chan-

» cellor Young also mentioned that programs to renew the Nation’s
infrastructure could include the universities. Other approaches in-
chided matching grants, tax incentives encouraging business and in-
dustry contributions, and continuing Federal subsidy programs.

Dr. Young concluded by saying:

These are suggestions only-~meant as a help in startipg discussion on a4 na-
tichal problem. that requires a joint eftort for solution. Higher edacation and the

* Federal Government have worked together before, and now must again, to ad-
dress problems which could affect the future health of this country.

t.
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Dr. Frank II. T. Rhodes, President, Corne}l University, tesfified on
behalf of the Association of American Univgrsities, Nationgl Associa-
tion of State Universities and Land-Grant. Colleges, American Coun-
cil on Fidueation, Association of Graduate Schools and the Council of
Graduate Schools. : T, .

. Dr, Rhodes opened his testimony by stating.that the research and
development base which thiz Nation created remains the strongest and
most productive in the world™*Nevertheless, he went on to say.:

In spite of a recent incrense in resenrch aud development expenditures, the
basle resenrch components of $hose increases have bheen modest, and we now face
_mjrluus problems in the nation’s basie research effort. .

g I the area of graduate education, President Rhodes testified that

{ o graduate schools provide talented individuals yith the knowledge,

i technical skills and ecconopie strength we need *0\.11’\'“‘(‘. However,
one of the main mechanisms for supplyving those gradugte students has
been seriously crippled: - \ -

But we now face a serdons shortnge of gradupte students in certain flelds, For
15 yeurs, Pederal support for gradunte education has heen substantinlly rednced.
The namber of federslly funded graduate fellowships in the physical sclences
aud engineering has*dectined from 51.000 in 1068 tq abont 1.500 today.

. Dr. Rhodes described how after almost a decade of neglect, thy NSF
has begun to strengthen its gradunate fellowship programs. Other pro- | o
grams, such as the new graduate fellowship program at the Office of
Naval Research. is an excellent model that mission agencies, such as . -

»  NASA. NTIH. DOE and DOD, eould implement. This ONR program |

offers students competitive three-year fellowships {vith stipends of ,
$13,000, plus full tuition and a $2.000 research award to the host
department. Such a program in the'major mission agencies, could pro- / .
vide a total of 1,500 to 2,000 additiohal awards annually.
Linked closely to the needs of graduate students are the increasing
challenges associated .with recpuiting young facultys, Dr. Rhodes
praised the NSF’s Young Presidential Investigator Awards Program
aimed at increasing the nufer of young faculty. However, President
Rhodes continued with the following statement :
But’the support of young faculty ought not be the sole responsibility of the
National Science Foundation. We urge the Committees to exercise its leadership
to encourage the appropriate committees of the House to add small initiatives
for this'purpose to the research programs of DOE, NASA. DOD and NIH.
. Dr. Rhodes then turned his. attention ‘to the problem of research
facilities by.quotingthe findings of a’recently released NSF survey on y
research. instrumentation systems in computer and physical sciences
and engincering. The report produced the following findings:
—One-fourth of the research equipment inventoried in 1082 was obsolete ;
_t(')l:élz %6 percent of all academic research equipment lnvehtorigd is state-of-
- r M

A -—80 pero'ent of department chalrpezons said they lacked equipmen¢ for crit- ..

>

.
L]

‘fcal research :
—Instrument systems in service in 1982 was used by a median of seven re-
searchers . . . In computer sciences the median was 25 researchers:
+46 percent of the chairpersons rated the quality of support services as
insufficient, N
Dr. Rhodes quoted the results of another, preliminary survey of 26 .
institutions just released by NSF, According to this sugvey, research
universities and colleges will need $1.3 billion per year to meet accu-

*
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‘ mnlated vesearch facilities needs, In F'Y 1984 total Federal  estment.
v i R&D plant facilities is estimated to be $40 million. Aveocding to
< Dr. Rhades, such levels of funding are not adequate to meet our needs:
Just as several agencies have begun to address the resenrch equipment, we urge
the committee to ask them ulso to achieve a shared askessment of the facllities
problen) by fleld and to fashion a comprehensive government-wide approach to
address it. . : )

President Rhodes concluded by stating that only a shated long-term
ceinvestment plan and funding strategy will provide the breadth and
cgneentration of resources necessary to address these needs.

Dr. Rhodes indicated that Cornell's Materials Science Center has
made capital equipment one of its highest priorities, The Center usual-
ly nllocates 15 to 20 percent of its annual bdget to capital equipment,
Degpite this, he testified; “it is not closing the gap in comparison with
thelequipment resources available in major industrial and government
laboratories.” . ' - .
ccording to President Rhodes, the situation with respect to facil-
itieg ix even thore acufe, He pointed out that in arcas where Cornell has:
the greatest scientific competence, they have identified over $100.mil-
lion in facilities needs, but are uncertain about where this money will
come from. N\
Another area addressed by Dr. Rhodes was the problem of increaséd
overhead” costs. He spoke ont against the Department of Health an
*  Humsn Services’ proposal to cut reimbursement of indirect research
costs by ten percent. He stated that indirect costs had risen for a num-
ber of reasons :-the artificial chpping of costs until 1966, inflatipn, the
cost of compliance with government regulations, the changing nature °
o of ‘research, the fact that research costs once paid for by universities
now fall under indirect costs, and the improved identification of these----—--—
costs-due to better management. ’
Prosident Rhodes closed his testimony by noting that industrial sup-
port for university research is extremely important. He testified that
. the Beonomic Recovery Tax Act of 1981 had stimnlated industrial suE- g v
port for nniversity-based research. Dr. Rhodes concluded his remarks .
on fhe Tax Act with the following statement : '
his appears to be having a very significant impact, in certain corporations. It
. ought to be strengthened to provide for the donatien of instrugtional equipment.
" fof equipment preyiously used by the donor fof less than three years, and to re i
move present amb\uitles over the donation of computer software. - '
Dr. Jolin D. S‘)ilbor,"President of Boston University, opened his pre-
pared statement by noting that the Nation is facing a crisis on its cam-
puses. The crisis relates to the ability of our colleges and universities
to provide the physical facilities in which to educate scientists and en- .
gineers and to carry on research. President Silber indicated that: -
These facilities are different in kind from those needed to educate the great
majority of students. Sclence and engineeringbuildings require increasingly com-
plex and expensive equipment. and use that equipment is itself highly spe-
clalized, the buildings thi¢mselves mustibe specialized. '
Further, D& Silber testified thdt the need for more scientists and ’
engineers and research facilities coines at a time when universities are
facing an uncertain future hecause ¢f declining enrollments. They are
faced with diffienlties in maintaining their technological infrastruc-
ture because, unlike the privatesector, the universities do not make
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) . profits to finance such needs Dr. Silber illustrated this problem with

the following statement : ‘

It has been estimated that colleges and universities cau finance out of their
own reésources no more than half the investment in technological infrastructure
nebded if we are to be able to educate the scleutists and engineers our country
must have, } i

President Silber indicated that universities are divided into haves
and, have-nots. In the independent sector; which comprises 1500 in-
stitutions, a mere 35 haye approximately 90 percent of the total en-
dewment. Some of these institutions have endowments of up to $60,000
per student. . .

The “have-nots” according to Dr. Silber, have the most serious prob-
lem bacause they have the smallest financial base from which to invest.
For example, Boston University has an endowment of $3.000 per stu-
dent, “which gives us no more than $300 a year in endowment income
per student—a derisory sum.” _

President Silber testified that there are dozens of have-not universi-
ties around the country that have a strong commitment to quality
education : '

Like Bosfon Unlversity, they have extended themselves to the breaking point
in the interests of technological education for the nation, If in 41 era of declining

enrollments, which nationally wlllﬁby 1002, be 25 percent lower, these Institu-.

tions are required to make the f
themselves; many will go bankrupt.’ .
« Below the top 20 to 35 schools, Dr. Silber stated that the next 50
‘institutions, of which Boston University is a member, are facing needs
of $75 millon ¢ach, or a total of $3.75 billion. This he indicated is a
Very conservative estimate, Further, Dr. Silber stated that the “have-
“nots” will play-a crucial role in providing the expertise the Nation will
need in science and technology, since the “have” universities do-not
possess the caé)acity to yieet the Nation’s needs. ="
President Silber then turned his attention to the need for a partner-
* ship betwegn the universities and the private sector. He noted that the
private sectbr, which benefits greatly from cooperative efforts with the
universities, must also continue to contribute to rebuilding our
infrastructure,

1 investment required {u infrastrueture by

Although the Federal Government should not be expected to solve

these problems alone, Dr. Silber believes it has a crucial role to play.
He testified that: : 3

. + « the Federal Government should fegard the nation’s technological infra-
structure with the same attention it has paid our transportation Infrastructure.
The 1aboratories and classrooms . ., . are a national need at least as important
as our highways and bridges . . . it is from such laboratories and classrooms
that will come improved methods for building roads and bridges. . . .

President Silber also testified that Congress should not differentiate

’

between “public” and “private” colleges and universities in their fund-

i?. He stated that the independent schools are no more private than
those of the state sector, because they are open to the public and con-
duct research in the public interest.

Dr. Silber closed his testimony by indicating that resources necessary
to conduct research and education at the cutting edge of science and

. L]
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technology should not be limited to a few institutions that developed

~ research capacity in the 1950s:

An adequate funded program of grants for laboratory and classrooms con- &
struction would be a major opportunity for the Congress to invest tax dollars
in" a manner that would guuruntee the taxpayers.a generous return on their
inyestment. .

Dr, Charles Hess, Dean, Colleges of Agricultural and Environmental
Sciences, University of California at Davis, testified about the limiting
factors chullenging the research infrastructure at U.S. universities an
some options available for meetingthe challenges.

The first factor Dean Hess mentioned was that even though capital
expenditures doubled from 1975-1979, the median age of university
instrumentation was twice that of mdustrial iabs. He noted that : “1t
is vital that our students have the training and the opportunity to con-
duct research with equipment of at least equal quality if they are going
to be etfective in‘the private sector.” Dr. Hess stated that the Depart-
ment of Defense has estimated that $1.5 to $2.0 billion would be needed
to bring qualified academic labs to“world class” status,  °~

A secondcritical factor outlined by Dean Hess is the quantity and
quality of space. He stated that many funding sources are reluctant
to become involved in construction of facilities, and that State funds
are more often Uetermined by student numbers and not research needs,

The thid factor, according to Dr. Hess, is the support personnel;
the technicians that are.meeded to opeiate and maintain equipyient
and monitor experiments, .

The ability to attract graduate students was the fourth critical
factor mentioned by Dr. Hess, Especially in engineering, industrial
opportunities for B.S. graduates arve attractive enough that many
students do not stay at't_ﬁe universities for graduate study or careers.

Dean Hess also presented some options for meeting these problems.
First, he encouraged support for the instrumentation programs of
the Department of Defense and the National Science %‘oundation.
However, as neither of these programs can help to equip entire labor-

-atories for new faculty, Dr, Hess suggested using the Presidential
. Young Investigator Awards Program as a model and expanding it
. tomeet that need.

Dean Hess also suggested reinstating the Graduate Science Facil-
ities Program in.the NSF which worked to improve the quality of
academic science and resulted in purchases of general purpose labora-
tory equipment and new constructién. Dr. Hess feels other agencies
should implement similar programs. .

Next Dr. Hess stressed that universities must ensure that equipment
is used effectively—not only by the tniversity’s own faculty—but also.
by other university and private sector scientists." .

Dr. Hess mentioned an Office of Technology Assessment study
which suggested that Congress increase. funding for TTSDA, NTH
and NSF graduaté and postdoctoral training grants in hiotechnology.
He urgec that this approach be expanded to all areas of science and
engineering where trained personnel are needed.

Dean Hess spoke out agninst the recent efforts to seek funding
for instrumentation and fucility needs within the political arena.
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The desperate nced for facilities has led some universities to make "end runs” -

to Congress much to the concern and dismay of the scientific community. A pro» - &
gram I just mentioned would give universities a viable alternative and would .. o
. ! provide peer evaluation to help ensure that the best investment is made with St
publicand private funds. - A
- Dean Hess concluded by tumlnﬁ his attention to the problem of .'%
transferring research findings ‘to the appropriate user. He stated:- AL

.« . we need to conduct research and develop policy for improved methods of
handling and transferring scientific information. The translatlon should be
multidiseiplinary and problem-focused. _
He mentioned that the Cooperative Extention Service program has
worked well in disseminating resecarch findings between researchers
and potential users. . '
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